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~ 1+06 Symbols © 
Symbols utilized in this work are as follows: © 
A= Area, ft" A), A, and A, for floor, walls end cefling 
respectively; A' for internal structure; A for ex- 
posed rock, A for wetted ‘surface 
a = Radius, ft; a, for equivelent cylinder, a2 for 
equivalent sphere ©. Sf OR! 


B = Mathematical quantity for use in seetion h-05 
¢ = Mathematical quantity for use in section h-05 
G = Conductance, Btu br=tpt7er-l 
c = Speeifie heat, Btu lp~lprly ct, ror water 
F = Mathematical quantity for use in seetions of chapter l. 
= Decrees FPabrenheit or temperature difference, F. 

= Funetion of; depends upon’ ©) 5 

- Mathematical quantity fer ase in’ equation |,-05 


# Thermal conductivity) Btu hevlrt~2( r/et)~4 


F 
f 
G 
h * Surface heat transfer coefficient, Btu hrwige7eprl 
K 
k = Thermal conductivity, Btu hrw4rt~@(F/in, 72 

L 


= Length, ft; dletence from entrance of tunnel section 
= Length, ft, of wetted area, ficure l-2 


a 


= 


= Mass, Lbs; M!°= mass (1bs) of wateP per foot of tunnel 


or’reservoir 9° 


= Length, ft.) of underground space 


= 


= Yathemati¢al quantity for use with equation l-06 


Ss 


= Width, ft. of undersround space. 
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P,, = Water pressuré, 1b in.-2° 
p = Presstire, 1b ine7?; Pg = Vapor pressure, water on 
~ a surfac’; p,, vapor preastre, water vapor mixed 
with air | 
Q = Heat transferred or absorbed, Btu 


R = Ratio, “for use with equation -05°°° ~ 
q = Hest transfer rate, Btu hr“1ft-2, from air to rock; 
thal a g' for constant rate 
» 9, = Heat absorption per.foot of length of reservoir, 
wo Btu, ETAL O TS cao 4 enn: 
qo. Heat absorption. of daniel the Btu hr! 
gif p®, Bok ght, ft, of {weezerouns chamber 
ae > Temperature, P35. fo for. outside airs Ty for initial 
-, rock; Tg. for. Pock surface; yede! for inside air de~ 
e oonwne SheM, tomperature,, 7, for annular space 
S FoF He PUES coe te nia’ me sees 
@ = Temperature lnivabias PROT P; Qs for venk surface 
ii “0; for inside alr; 0, for air’ at distanee’ L from 
anorihe “tunnel” entrance} 0 for water’ ina reservoir 
Y= Heat transmittance, Btu hrvlrte~p)) for @ wall 
or other heat barrier 
U'= Heat transfer coefficient, Btu hrvlrt*rel, from 
air in occupied space to surrounding roek; for 
no internal structure, U'! = h 


V = Velocity, ft hr=t 
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V = Mathematioal quantity’ tor use’ with Figures hel, 
DATA AND COMPUTATIONS 
and l«2 eed Aas dol 


W = Water flow rate, 1b > hawks | we for eacosektss of 


SO ee Se 


= 


= Angcular_velocity—-.—-.-—---—- 
DIMENSIONS. Boe Mathematical quantity for use in section l-05 
renee = Density, Wet; pt for water * oe 
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Some forms for recording date and to serve as vor. 

Om@gheets are suppestld ‘aa’ follows: 

Porm A - Design IAfortaétion ~ ie ten 

LGOR AGE Ae Heating "dnd CS8Tin# Lodds FT; Volume Et 
DEPTH OF OBA RICK Heat Absorption, Warm-up 
ScoLOG/ Co) a ROC Heat-Absorption, Normal Operation —————--- 
GROUND © a Heat’ Absorption Capacity of a Reservoir — 
CLIMATE FF « Cooling or Heating of ‘Hib in Tunnels or Snarts 


MEN. BES » MAX 


These forms are expected to be impro ved as indicated 
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a by future use and experience. Extra copies should be 


” optained or provided as required for different problemse 
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nom sie Se neana 
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| FORM A 


UNDERGROUND INSTALLATION AIR CONDITIONING DESIGN 
DATA AND COMPUTATIONS 


DESIGN INFORMATION DATE: 


| 

| LOCATION: 

| PURPOSE: 
DIMENSIONS, ROCK CHAMBERS 

| LENGTH, M = FT; WIDTH, N = FT; HEIGHT, se FT 


2 
FLOOR AREA, A°= FT 3; INTERNAL AREA, A= FT®: VOLUME = FT 


| REMARKS; 


DIMENSIONS, INTERNAL STRUCTURE (IF USED) 


LENGTH = FT; WIDTH = FT; HEIGHT = 


2 
| FLOOR AREA = FT°: INTERNAL AREA #@ FT ; Volume = FT 


wW 


| DEPTH OF OVER BURDEN FT 


GEOLOGICAL FORMATION 


| GROUND WATER CONDITION 


CLIMATE WINTER SUMMER 


RH, 2 
RAIN FALL, INS- 
| SNOW, INS. 
ROCK TEMPERATURE, INITIAL UNDISTURBED, F 
REQUIRED INSIDE AIR CONDITION ze FRH 


PERSONNEL PERSONS 


PREPARED BY: 
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FORM B 
UNDERGROUND INSTALLATION AiR CONDO TICNING DESIGN 


HEATING & COOLING LoaDs 
HEAT GAIN BTU HR! 
PERSONNEL, PERSONS Xx 270 (SENS. ); x 230 (LaT) 
LIGHTS; KW x 3415 
Ecectric Morors KW x 3405 
COOKING EQUIPMENT 


OTHER EQuIPMENT 
TOTAL INTERNAL LOAD 


FRESH AIR SUPPLY, SUMMER 


TOTAL COOLING Load 


FRESH AUR SUPPLY, WINTER 


Crm x 1,08 (0, - 0) = 


TOME FROM START, HOURS 2000 5000 419,000 20,000 


Rock HT. ABS. Bru HR! 
TOTAL COOLING LOAD 
NET COOLING LOAD 


ToTAL HEATING LOAD 


r . —s = = ~ = = — = 
P| - 
i 4 4 . I 
a fc i 
q 4 q 4 


FORM C 


UNDERGROUND INSTALLATION AJR CONDITIONING DESIGN 
DATA AND COMPUTATICNS 


HEAT ABSORPTION BY ROCK SURROUNDING AN UNDERGROUND 
INSTALLATION; WaRM—UP PERIOD 


CHAMBER DIMENSION, FT.3 LENGTH, M> ; WIDTH, N= ; HEIGHT, S= 

INTERNAL AREA, EQ. 4-01, A= 2 (MN * MS ® NS) = Fré 
| Equiv. Cyl, RaDius, EQ. 1-02 4% = A/27M = FY 
Equiv SPHERE, RADIUS, EQ. 4-03,@), =, /a/at ‘eo FT 
ov, /V (CyLaNDER) Fic. 4~t = 

“Vo/V (spHere) Fic. 4-2 - 
| Rock: DENSITY, (= ; ConducTIVETY K**%= ; SP.HEAT, C= ; TEMP., Tp= 
| 0,7 T,-T, * F: U' (SEE 4-08 )= 


FIND RELATION BETWEEN WARM-UP TIME (1, HOURS) AND HEAT INPUT, @' (Bru. HR ~*~?) 
BY MEANS OF EQUATION 4—04- 


Fa Kt/ cq? (USE 4, FOR CYLINDRICAL CASE, G2 FOR SPHERE) = 
| 7 


| FIND F (F) « » FROM FIG. 4-3 (CYL), IN 4—4 (SPHERE). 
| SOLVE FOR HEAT REQD FOR WARM-UP PERIOD WITH THE EQUATION 
| q' = KO, Bru HR 'FT* = 
Sea ae area | 
| | Q@r(F) * K/ju' 
| ROCK HEAT ABSORPTION, TOTAL PER HOUR, Aq' = Bru HR ~! 
| °lF v,/V EXCEEDS V5/V, UTILIZE CYLINDRICAL CASE 
| *1F V2/V EXCEEDS V,/V, UTILSZE SPHERICAL CASE 
| ®®BTU PER HOUR FOR ONE SQUARE FOOT AND FOR A TEMPERATURE GRADIENT OF ONE DEG F 


PER FOOT OF THICKNESS. 
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FORM D 


HEAT ABSORPTION BY ROCK SURROUNDING AN UNDERGROUND 
INSTALLATION; NORMAL OPERATION 


PROPERTIES OF ROCK? 


ConoucTiVviTy, K= ; DENSITY, O = ; SP. HEAT, C= 


PROPERTIES OF STRUCTURES 


HEAT TRANS. COEF. AIR TO ROCK, U's 3 RADIUS OF EQuIV.CYL. OR SPHERE, Q ? 
MAINTAIN AIR TEMP. »T,> ABOVE INITIAL TEMP. TR T, -:T,hs 2. 
ROCK SURFACE TEMP., T,, USE ABOVE INITRAL TEMP., T ; Tg - Ta = Og AT ANY INSTANT- 


WITH EQUATION 4-05, SOLVE FOR ROCK HEAT ABSORPTICN, 


9" Bru HR SF T~e 
N= Qu'/K = 3 R (FIG 4-1 OR 4-2) = 
TIME FROM START, Hours, t 2000 5000 10,000 20,000 


Fs Kt/o cae 
0/0 = F(F,N); Eq. 4-06 ‘ 
g= u'o, (1 - 0,/0, )/R 


HOTAL HEAT ABSORBED = Aq @ 
PER HOUR 


FT 
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FORM E 
HEAT ABSORPTION OF AN UNDERGROUND RESERVOIR (PIPE OR TUNNEL) 


FILLED wIiTH WATER 


PERMISSIELE TEMP. RISE OF WATER, O.= DEG F IN TIME, t= HOURS FOR 
A HEAT ABSORPTION OF 4>= Bru HRT! 
PROPERTIES OF ROCK: 
THERMAL CONDUCTIVITY, K= g DENSI TY, = s SP. HEAT, C= 
PROPERTIES OF WATERS 
DENSITY, 0 = 62.4: SP. HEAT, C'= 1.0 
DIMENSHONS OF RESERVOIR (FOR RECTANGULAR CROSS-SECTI ONS) 
WIDTH, N = FT-; HEIGHT, S # FT.: LENGTH, L = rae 
RADIUS OF EQUIVALENT CYLINDER, @ = (S + N)/7r = FT. 
IN EQUATION 4-08, K/g, =F (F, G) 
F=xt/pca = 
G = 2 PC/ pc= 
Values oF F (F, G) ARE GIVEN BY THE CURVES ON FIGURE 4—7 
THEN OK/4, =F (F,G) = 
q,° Bru HR FT! 
REQUIRED LENGTH, L = 42/4, = FT. 


VOLUME, = SNL @ FT. 
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FORM F, PAGE | 


COOLING OR HEATING OF AIR IN TUNNELS (OR SHAFTS) 


| CONTINUOUS AIR FLOW, ANNUAL WEATHER CYCLE 
: DIMENSIONS OF TUNNEL 
LENGTH L = FT; WIDTH N = FT: HEIGHT, S = FT 
: ca & 
PERIMETER, P, -2N*%S) ® FT: CxS. AREA, NS = FT 
| HYDRAULIC RADIUS, 2NS/P = @ = FT 
| PROPERTIES OF AIR ENTERING TUNNEL FROM OUTSIDE 
i! 
) MEAN ANNUAL TEMP. @ INITIAL ROCK TEMP, TRE F 
| Temp. DIFF-, OUTSIDE AIR AND MEAN ANNUAL TEMP., Gy # F 
Lf ey 
| MAX. VALUE OF eo? Cre Fo 
s A= , Lo 
| AIR VELOCITY IN TUNNEL ae nei FT HR 
| PROPERTIES OF ROCK 
CONDUCTIVITY, K = : DENSITY, ? = ° SP. HEAT, C = 
| 
| 
CoeF- OF HEAT TRANS. AIR TO ROCK, h = 3 DIFFUSIVITY, of = 


CONSTANTS COMPUTED FROM ABOVE DATE FOR USE IN EQUATIONS ON PAGE 2 


0.000717 RADIANS PER HOUR 


= 
a 


oo 
i 


ow 
b 
7 
fo 
, 
Sr 
N 
~ 
7m 
® 
—~ 
i 
wo 
8 


RBEERERHEREREREREREREREREBEBGSE 


FORM F, PAGE 2 


SOLUTION OF EQUATION FOR TUNNEL HEAT TRANSFER 


MAXIMUM AND MINIMUM TEMP. AT POINT L IN A TUNNEL, (EQ. 4-11) 


=Coue 
e; =eenOn Cc 
hive 7.0% ALSO T, —- @! ®@ 
TEMP. 8» IN TUNNEL AT POINT L aT TIME t, (EQ. 4-10) 
CC? 
CH e ee" cos (wt - wi/v — 6°B) 
= cos (wt - ) 
OUTSIDE AIR TEMP. @, (Eq. 4-09) 


0 
0, = 6 Cos wt 


RATE OF HEAT LOSS OR GAIN BY AIR IN TUNNEL AT POINT L AND Time t, (£Q. 4-12) 


2 
° a - 
q@ = 0.0566 V (0, 6) 


TEMPERATURES AND HEAT FLOW RATES DURING ANNUAL WEATHER CYCLE 


JUL 45 SEP 15S Nov 15 JAN 15 MAR 35 May 15 


HRS 
wt RADIANS 5.236 
OUTSIDE TEMP,*® G, yb lg 


Teme. aT L,*® 


Teme DIFF (Qo-@,), F 


*FOR ACTUAL TEMPERATURES, ALGEBRAICALLY ADD THE MEAN ANNUAL TEMP. TR TO 8 OR O° 
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: oR f Prer ? e: = 
(principles: Design Objectives 


2-01 Function of Underground Isetallations 

he desien of the Keating apd air sonditioning ayeten 
for am underground installation depends on the location, fune- 
tion, sine and shape, ‘These factore ure likely to be ebtablish- 
ed by the ageney requirire the space on by gone higher authority, 
~ tate edeatterpneancohenelaaed “Perk «tw tongentec Tor te 

- tinderground {astallations ye serve ae Aatectiaaiel ‘gtruce 
cures for taetiea) administrative offices or eomamication ean 
ters; ae ahops ‘ep factories produting machine parte, electronic 
equipment, chemieal aignng or instruments, or am aterace apace 
for machine parte, inetrasents, electronic equipment, foo4, 
clething, monitians or ther equipment. Hospital warde aw weil 
as anette fuesiities idetuding Kitchens, lavaterlos and berta- 
ing ae dations: sind be wtiines in leepeenngel with any of 
thease other functions. 

‘the neatins and oir conditioutng eyster must maintain 
conditions waltable for personnel effieteney (2604) in work- 
ing spaces and for materisl preservation (2-05) tn storage 
epaces am well @& shops, offices and other spaces where equis- 
went ia weilived, ‘These conditions sust be maintained during 
the etandey, morasl operating and, 20 fér as poasible, curing 
thé attael and peat attack conditions (1-05), str conditioning 
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or revivification of the air met aise be cenwiderea Ter 
 tomiitien ef extreme « mney of Gieaster (e907). 


! ae02 “pes benign criteria and Limitations 
ili ‘the aise, shage and dag of cover chosen for op 
underground installation ny ‘be influenced by funetion., 2 
“storage 1 apace for ‘clothing, Sead, etees aay ‘be dpregular in 
, ahape and have a relatively aha low eever of earth and reek, 
; Hors ‘ coprenar toa t equipment op facilities eenontial to defense 
may be snatadies in ae per workings. he chambers in deeper 
roms are Askely to be one and tunnele tke. “the inetella- 
’ tion aay oomupy | gover al stories ond there | wey on Bay 
“net be on inner steucture (1-04). = 
beoeation determines the Giinate and the gO Lap tas 
foreetion (400) teat wiki surround 4 proposed unorgr rend 
tree, Cliaate oni ink tut, governs 
g06) available Saemcdsaitinn se. este 
» Menee of underground water (4«10), availabiiity of water for 
equipment veel ing eeahvnes and the initial earth or rock 
. Fieor area ang vebuse of sietelouaia epace dependa 
wpen population, furction and dnternal load (@-30)(3-01). 
wit tice ‘invivommentadl conditiens, in partioular. tenperatwrs » 
innit epee: tom lesser extent, notien aust ve 
 Sleebes wlth reference te peraenne] wffacienay (e-o4) ov 
endurance (2-07) and guterial preservation (2-05). 


f 


ede op freen air gust be supplied exeept under 
eorgenay conditions for persennei (2-06), for engines or 
bollers i for witehen and lavatories _— and for 

die Phi tera are yanniiie peoommendied for 411 aly te oe 

paesed through conditioning colle, used in engines er te vent. 
late SHOPS whore alice te equipment “a ehared, made of repaired. 
aie purifiers are asaentinl for ali fresh ail outdoor air 4? 
oman seourity is required (5-18). : 

tee snttiad tomporature (4-07), | | condue tivity 
and heat © eupasity of the Sur reoUr ony reek (4906) alfeat the | 
nesting and ooking: Loads tn an , undernround shuaber (5-08). 


Vor 4eeicn purposes an interior air condition of 74° 
and S perecnt relative hesidity ean be ag@uned Im wany canes. 
This condition te wittan the practicable range attainable with 
conventicnal equipment (5-09) and available data shew iu to 
oe guitable for personne) efficiency (2-04) vad for aateria 
evewervation (2-05) waier aaual circumstances, In generai air 
conditions for underground installations should 6 similar ts 
those selected for surface atructures utilised fer the came or 
similar purposes. Fresh or cuteide cir supply (2606) may be 
yodused gines eoudfert ia not alwayé 4 prime onjective, Since 
infiltrataen i¢ unlikely in an underground installation, the 
aiy gupply and exhaust ystems Must be ade@uate to handle the 
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aiy required at ai, tiues, 
s ie gondiflous aainteiosd in 6 space may disier fron 
camne.snemnet ton daptan ARPOsOB, 4% iiiiealed Ly pragiieas 
compideration after aperations pave cammenaad, Speciai air 
storage or work with unusual neterial: 


GB» inate iat 


B08 fa Conditions: tor Personnel urficteney 
| Cape haw @hown that ‘personnel ean suetain a 
considerable range af tesperature from about 65 to 85 F with 
out ‘serious less of effiaiency, partioularly if the Kuwidity 
is ‘controlled and je adjusted downward wt 
ereanes or vice veraa. the condition 7S? and SO percent reia- 
tive. mundadity may vo ‘esmuned for ‘design purposed (2-03) ‘bat 
other conditiuna in the eeufort sone (Hef,1) ade also satia- 
factory for many gurposaa. - elerk Bere 16 Selidec 26 
iaah scchpenmtrtanatadiaredy sich ws 
nore of the subjects wore found to ve cuafertable during sone — 
tests conduated by ti drericam Guviety of Kaeiieg sue oar 
ingineara, The outer’ canuitiona are 8ti1i uncer 
TRIBAL ane Bow findings. ana in proepe 
lating to effects ef radiation, Changes ia Seaign eriteria ars 
rot Likely to Se extensive, however, ao far oo air cendition~ 
ime % round installation ate eonternad where Conyac tion 


si a ol age findings are acre 
 «*Mabely bo reoult in adjustnents to existing Gata. 


ay. ‘the temperature aie 


ect, gartiauiariy re- 
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4 wurmer thas the 68 or 707 often recommended for indoor 
_ winter temperature, However, in many oceupiec spaces, eool~ 


ang rather than heating will be required due to internal Louis 


fee of the higher tesperature roduaes the site and ised on 
the cooling equigwent, It ie ecomen experience that suny 
people ape ove comfurtable at a D2 temperature of 7S? winter 
aed auemer than ai a OS teaperature of Tor, The conditien TSF 
and S pervant is aafely slew the eonditions of excessive 
@venting which ean interfere with the perfersaence of ime trusen’ 
naern, areftesen, typists and others working with pacers anc 
Freon or cuteide eir must Se gupplied te sseupies 


#05 Alp Conditions for the Preservation of Raterials 
Avutieble data indicate that a humidity in the range 

feon 46 te G5 peroent is eatlafactery for tee preservation of 
@oet tevheieally werful materiale at susstantialiy steady 
temperate conditions, either in steraze 
offices oF communiesation centers, 

| 4s leportent exception is unpretected wild or carbon 
#teei whieh requires « bweidity ef 15 gpuercent or below for 
ne dwsage eo }) percent or below for teolerasle damage in 36 
months. This means that epeeisl lew humidity may be required 
in inetrument aheops where such steei is worked or atered withe 
gut oi] or rust preventive treatment, 


Probaoly the mont comprehensive information mow ayelle 
able on the yelation ‘petween honialty and deterioration of ma- 
toriade are hase gathered under the auspices of the U.5. Havy 
and reported in reference ise Te date ia Tobie a) are exe 
wacted fros fat source. 
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TABLE dod 


- ansaty Tolerance of done averials 
for 36 Benth Perica 


Tea ae 
KS ee 
i reteed s- 


Alley Stee. 
Gaiv, Steel = = = 
Grasse und Bronze 2220 i GK 
Alininue and ite ellcye = = 
fabber, Plastic, Rayon = = 
Leather, Sponce, Menp. 

Sisek, a. 
ee ee oO. Biatategration — 
Tinned ¢ ne (canned food) — : 
Cloth (Lafs Preserver) — 

Seal Armee y eat eee 


Welt Be w elaseoper, aj , 


s utgeess 


 .. Betting of Cover 


54] 


® . .Siidew and rust 


sh - ~ Ho vinibie deterieratien 
fi > Intolerable deterioration 


Heb data te Table G-1 indhents the nevensicy for a lew hue 
widity for the: pretervation of unprotected éarbon steel out 
such atecl as in the form cf seelt Anna» lubrieatea, ean 
_ telpote 68 percent Like moat of the other Liens Iisted. in 


upper host@ity Liett for tinned ¢ane was not found but such 
cane atonaped aan Vieieae at least al hpervends relat hill hue 


| hie on whieh the data in Table %1 are 
and Hob the temper avure, wan controlled, 
Senate ho enelomures expéara 8 te ‘the wee ther 
ickidion’’ ‘the eondition within a it wie 
| int of interest in thin trwestigation, ia a 
result af the teats and other considerations, o hualdity of 
3 percent was chosen for the intertor of 1 mary @hips placed in 
LoPag e shetpeneined ‘World unr IT, ‘This 35 peres 


ent ia eonsidersbly 
demonstrated tolerance of many Materials but 1¢ affords 
a baile ‘of bafety againet oyaigeent Failure aad againat sharp 
texperature ‘ehe eon that wight cause condensation on seme ee jects 
due te temperature lag resulting from teat eapacity. 

an advantage oF wh dorerens “storage 40 steadiness of 
temperature, Yor thia ‘Pexton a emitler Paetor of safety is 
doomed adequate dn an welorpround chamwer and it apreare that 
a eondition of 79% and 60 percent humidity, roconmented for 
personne? hiphrnped and ndpeeapomenied with conventional compressor 


equipment is autiafectory for atorace ana use oF mest ma- 
for ingtrument shops or other space where steei or olaer Genai- 
¢ive satepdale ape worked without lubriesticn oy rust prewantives. 
Water ia eanential to mest kinds of saterial deterior~ 
ation, tom: metals are attached oy Gxyygehy, atecrapheria con< 
tamioante or electrolytic action in the presenes of water, 
Srganie materiale euppert meld or mildew. When cuwp OF Molec. 
Govieusly, therefore, condenseticn svat us prevented os or 
“ithio materials in etorege. some waveris 
at taumidities dese than 160 pervent. Therefore sene munidi 
safely below the cqtupaticn point Seat wt sa lntolaeis 
witeriule ang @ay be reapensibile fer seue deterioration. 
cusepherie eontasinante includieg sulfur diesige and aycrogs: 
 «eeATiGe, present in seme induperial region atasapi 
Jo OPCs oO Ben BAterdlie, The amounta prescal turing sae 
teste ou whieh Table @-1 46 baned gre pet known. Ghe teste 
were comducted 2% the Philadelphia Navy Yard, — 
cutater brushes in electric motors euffor ey “dusting” at lew. 
humidities, Paper, exeoleior, straw, leatmer, Semp rope and 
feathers, ue in bedding, become arittie and disintegrate upon 
handling wader these conditions. Typical giue doea aot ger- 
deuely ioew aiwengim in dry atweapnmeres but woodle in general 


Sbrink and the Toroos generates are eften auffieiant to 
reek johnte da fursiture or other woudes oquipaens. sry 
batteries aleo Geteriorate seme rapicly at low iwaiditice, 
se Tee eotad, parte of wunibions ean oe stored under the 
sane , eondatson, Be SEGhine Wola, For prepeliania, air con 
éations ota relative hueidity not execesang oo persent and 
werawure betwoen A and Gory have been recomended, In _ 
ijagnce Gente 4% bes heen foume that ponder thet nad | 
FS Ae ae periote,. x i. ‘alee. 


Leh itg =~ Boa the beet aeans of preventing 


wiven aay Often ve stored in Polatively woall 
era renete trem each other to mininiae the effects of 
sheet. The Ake eonditianing equipaent for gush chasers 
anole be sdlaeisa with reference te ainiwisiag pipe and Heads 
ue, Since Oecupancy may be infrequent, Little oe ne ventie 
jation may be pequired. This initostes that. equipment eapavis 
of 4 difying ond sederately heating such chambers is appii- 
oante in many ‘typiea, SadOB, 
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2006 Frosh aie for Pevoenen) . ! al 
A CUA: 0 ene, A, panied na vena by 

SUN n: SARE ae Habe. 8 Mate, “Ore Hresent practice, 
however, ia to suppay sufficient air te avoid ungasadant oder 
from pareonas fron tobsaco enoke, fron cooking or other products 
Gue to eocupaney. No reaton appears for ceparting frea this 

: h underground installation for any normal period of 
operations. aalounten.. of a frowh air requires 
by the feoter of intermittent oeeupancy which relates room 
Voluee %o air change rate for equal aa, Sreahueds. This sliu- 
ation 48 reflected 4m the data in Table 292, taken fron refer- 


emt 18 complicated 


poy ‘Atalte had otateedh Soaies 
soonemss States — 


Bs . . 
sedentary rapes Heating Beason ugmie 
iil leah | * “casting: bigs ® Ke 


The aveliabie data ape net cenclusiva, ‘These sor~ 
ead in reference 1 and 2 lndteate that 16 ofa fer person 
| ee for space ecoupled vy nonesuekers while 15 


tesary to prevent abjeetionable ‘ederea when 
i= Deer hematin prevanss. our rates of air dupply aight serve 
 fktiaree te: grea S Anstalletions ‘dapiing norma 

: baSe Buch Meccinmendae 


lorned, sonetines inoluding 

ntroduction te steupled apases, If som= 
} Pequived etadnat redieative pertieulates, 
tite dite 26 must alse be surtfise (5-19), 


nn MOOG Oe eaeEeRe axergency or Cleaster condi bien wha 
_ wubokde servigns may.» be cut Off and the supply of fresh ase 
_ BAY Be stopped either because of power failure or deliberately 
beeen te locality bas been .comtaninated with radiosative 
material, Molegionl agents or gases. Vader this condition 
_ MM seoupante of an wadergrowsd inataliasiou may be farced. 
we rely on resourees avasdenie in ‘the inélailation for their 
reepinetien ote supply. PAPI We eheihaninmeee 
 ieaietedbethediiihatiteatacee tain ens-eentng Vh>-siten 
whet for sone houra or days on the air Jn the apace and the 
dongih of time depends on the volume of the alr available and 
the mmber of persons present, Sach sedentary person can be 
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oupected te acotume on the order of ats eubie foot ok oxygen 
and exhale shout, eet ewe tot of . ie van aheae ae Uberabe 
aeht pound af water vapor par ewes iat he ato SHOT LG OX) 


feos Vee ner ad ‘Fesevton af 
nae “aes « of vitanity an 
at eho diieauis ) é in ‘death ay 


es is Pia ae dn dinkin® ity ton matertad, 4s 
~ gaccelerates ae ‘reaction. | 
og Seon oe fone, a avasiabias?"§ fae be provided wncer 
pesteure in battles op 2h aint bade inside by warring apeasal . 
oblorate candles, fable Beg shows: the enaune ot chenisala 7a« 
quired for ay PevIVEfieution under dyssaie eunditions. 
“| | theme processes nino ldberate nent ae the reletive ‘ita 
porns hak Tanperetae: pise and Pea! Ratt ise ghouta he akerr 


an dealin for the Meaptor condition, on any 
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ar ee ee Sere HE At flew inte the rogs Seapet 
apily ahd te dewpoint would be dotereined largely by rock 
tegereture, Therefore, relative mumidity would net 
prageh 160 poset for sone Chante er 
ae sara a serine. aaning y ‘ 7 
aeponnon to. penton fron uxeesaive jot and mumsditys Tee, 


re prebebite period of ioolation has won estinated for acme ar 
be _ aS one weak while redie? or weecue ie POnGARG» faring 


So : te ag ET tare te net expested ee become ponairehie 
‘in we ones of sors B sapien of Denk and pone : tt is. 
— raonnel unier disaeter conditions adghe te 


4 ‘stbdatzons ate | ats on the 
— personne  gerte pander’ wf axe 
ecattvion, gees meace of reducing the bamidity 16 egsential. 
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: able ge3. Properties of Chesicale for air Sevivirication 


veient ea ter 
Ge ey Vapor Semeitie Seat 
biemicak Abporved | e Pormation Lizergtion, 2tU 
_—— Hydroxide 8=—s yes 486156 per eu.zt. 
w boggy 
 StriaeLdme % yoo i135 per ou, Ft. 
GQy 
Baralywe x ; | eAT4 yea 
wn Guperex x H X& / ©4283 Be A74 per cue ft. 
=A . / ct. and Vs 
” ‘ma qetroxide «x  « 6.364 ao. i147 per cu.ft. 
ev, ao v, 
Chiorate Candlc x O24 ned G4 par eu. Tt.0, 


ivore These chentcale, if used, must be handled and stored with due 

¢eution, In particular sodiws superoxide and potugsiun tetre- 
oxide are strong oxidizing agente amd ean bo a Fire hasarc, 

| Thie fact say preclude their use ln acum cases, Chlowate candies 
aieuld come patkaged specifiewlly to aveid fire haserd. 


eble 263 ia baped on forced air fiow thaough the cheaicals 
| (exoopt chiorate @andie) aed an oxygen conawaption of 1 cuble 

foot per manehowr and carben diexieas Liberation of 0,63 ewoic 
7 Foot ger mane-hour, 
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(wareup ‘pertos)s aad seewnd, tine pet 
f hiating oF sooling required ts motte. the chamber at 
the desived constant aie _ iperatuve gubsaquentiy. 

r™ vor the waraup yan us i (ore Fore e(3-07)) 

, (3) For oxen ori, dot Atel | ee constant vod 
oT piion rate, a's <araay por ud, GO, 
and final chanber touperutere, Ts Detention aq* foxy wach 
ohne, 
(a). iplamedadaones 
of 4g? for the several chasers, 

8, Por the sone tent air - ‘ature or Ghermosg tated 
poriocds cunaenenedeanieataatnaddhasuamaduaubensicnnbed 
chanter eeparately). = 

(2) Seterutne the waxiaus internal sensible ond 
Latent heat leads, Tile represents the eondition of noraul 
operation at maxima Gspackity. — 

(2) Determine the interne] sensible and latent 


daaired air compere bus 


bat siddonee Lerma eumines ead caxbereniet ey 
lanwon 26 solthheee ahs etnemwsqus OlaT hak 


“-etoeqne eanenae me 


03) Determine the rate of rock heat absorption 
for a berw ehauer, or the wall, floor and eetling keot Joss 
for an internal structure, at selected tines. 

(8) Sabtract item 3 frou the gensivle heat lesd 
dn item 1 te yield the wvenine losa for the rece during normal 
operation. $F ¢tae 3 exceeds tha eeueivie heat load im iver 1, 
hasting rather than cooling 28 required for the room. he 

-" {§) Subtract the sensivte best lead in item 2 
fron itex 3 to oxtatn ‘tie heating lead durins the stand-by 
condition. sal tite gongible haat lead oxeeeds item 3, cooling 

‘he etandsby condition, — 


, erground chamber ia the gum 
“: the — igen of the surrounding rock (5-02), the 
beat used to evaporate water from damp exposed surfaces (3-10), 
and the beat neeeanary to warm ventilating air (4-06). Any 
neat Liberated sy machines, personne) or processes (3-06) in 
the apace. can, be Sediated. fren, the heating Load in any roca oF 
chanier provided such heat Js well distributed, 

Tae woreing of an umlerground space typisaily falls inte 
va saisine the waraup and the, therscstated peried (1,04), The 
beat required for warning the rock surrounding 4 chamber can be 
oomputed (4-02) by mwane of Equation 4-04, The heat absorsed 
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| uprounding Pook eben s constant tamperaturs 48 main~ 
tained in the shatsbe Gite (h-08) wenn of aqua- 
tion hae | 


nan be eamne 


3-03 varmupy Bare Chamber , 

tpetalletion of persanent heating 5 diigiias with wef} 
fieient capacity te supply all the heat neeeanary to achieve « 
cepa ip diiiebiccniiascbcbimpuatias The Anitiel heat 
absorption rate of rack surround med ehamber (d-02) is 
comparatively very Rich, If a quick warmup ie necessary, toe. 
porary of] burning heaters should te considered Seeauke gemanrné 
equipsent large enough for the purpose will be much over aise 
after a fox montns of operation. Glectrie heating (5-05) ia 
practicable for a waremp periad, However, the dost 18 cone 
paratively high and the ne pensary wiring, ‘wwansformer and heaters 
asd te the cost wiiess they are prevides for ard chergeaziec te 
some other purpose. If « few montha éan be allowed for the 
warmup, it Should be possible to ware the spaces with the per- 
manent heating equipment, avoiding the necessity for temporary 
heaters, ‘Wediveriting gepeied wal used, may after be Supplied 
with combusticr tesporary aeagure, through 
anaftes or tunnels provided for other purpoties. 

Prosar equipment such a8 alectric motors or interns) oom 
oustion engines, used during emeavation, contribute neat te a 
wpace and may alleviate the warsup preblex,— 
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The veck heat abeorption te Likely to te the areat- 
eee neat lose from the bere chamber curing the warwup period. 
rade ie governed «4% any ingtant oy tee equation 

gt a BY (My + Be) 3e02 


q* vl Dee eee oe eae 


PGI tor coefficient, Bea hour, for 
2 foot of rock surf Pee 


he necessary heat supply or net liana at any instant 

“ie equal te the rook heat absorption mimus the total interna) 
“Yond, The rock beat absorption Jooreases with tine when the 
“chamber atv te held at a steady temperature. It te governed 

at any inetant by Squetion 0} out eines, thie equation docs 
“Ret ‘take a¢eount of changes fn Tf, Gquatton vie ia recommended 
fer somputing rock heat anodiedinas -" | ' 
| “When the internal load (4-06) exeesds the rock neat 

ssbpoptien wand éitribense ee aie done 
ditioning moana, 


\ 
\ 


a> Tks Sem Ee BOwOMEN oot Semi He 


Go far as heating lend ta concerned, a chazder Lined 
with een@rets can often Be treated the sase sa an unlined 
@thavber of the same sige, The thermal properties of concrete 
ape #isilay to those of rock and the tiitekness 14 relatively 
gmail, stoustical @ other insulating materdals applied we 
wells oP ¢elling affect the heat trunafers Squatien 3-02 is 
spplieabla te lined chambers, wut the value of U' must be 
appropriately sngoen, Sor a, wht owrh acing material aaed 
(4-08). | 


3-05 Heating Lead, Inner Structure 

 “‘¥® @hewid be peselblie in many instance: 
inner structure if & g@atiafecterily short “ime by coerce of 
Sens | nenennneneands quipment. The inner stews 
vibdigtndanigitns- time teeeees to nuthin sadinatetate tre 
casived tosperature, Heating equipment ie wouslly imetaiie! 
with some exeesse capacity am a factor of safety and this can 
ee utilised duping tee warsup period, The relation betecen 
tion 4-08 1(4-03), 

Wider the noreel or steady teaperature condition, the 
roek surrounding an inner atructuss warms sere slowly than the 
eock areund @ bere chamber. The heat loas from the strwe ture 
to the poek at any instant can be computed by moans of equation 
haOh, (4003), gestion 3-01 de valid for an inner strueture at 
any detent wits a proper value of U! (#,04), 


$ tO warm up an 


joo», Bie Boat dose from an inner structure at any instant 
Gan aso be computed by the equation 

ee ee es: a _ 43-02) 

6 & bent fisw, ea per how fer one squara foot 


O = bent im | wer neu for one 
aquars ete ge he ing or flew and 

for each ccoree ¥ ? in ase —eenee aire 

keawace i aed outside the BtPud tars 


2 aie temperature, ineide the strucbare, F 
| , i wate de the ‘structure ke 


“Yale of (any ‘are net the same for undereround 
SY etrae teres ag they ape for exposed walls of surface vuildings. 
gurfuce tulldings, the value of U is ordinarily based on 
88 upto on of 2 wine with & velocity of 15 wiles per hour 
utside, Underground, the outeide surface file co 
2 “twinmatttanee, , 0, maat be selected with 
* wee en ey ele ‘the game in- 
aT ‘billet eile. 1.65, provatiy te adequate. 
Equation $02, like equetion 9-02, to often tneufficient 
~peeauae one temperature, T,, ia variable with tive, The heat 
loss of the structure haga dleapinunaapeshsaerpenngdedlgeangs 
: ot —_— pinto’ ere 
us of ull internal leads minus the beat abaerption of the 
gurreunding reek (4-03). The internal loadsa inelude heat and 
 eoieture from personel, waste heat frem bellers, ongines, 
electric moters, lights, evoking equipment or other appAFavus 


2A Fi A ON, NE am ‘1 aeeed, 
(soe) seh hie fur sd vine e MS. songs sett me 
Ce ee ee ee ath tate 


Pret ag een 
PSS Rd og 
ee eae Bly " | 
BSI a et 


i 
a A a ek al a ah 
7, Ne wee ies EOS ee 


Sadie ait: ddan getw ahaa, 


ini ba ‘ile: iin gis ca 3 | 
Weigesn ,.ewliod @err det aebae iene ete rs 
MWISRRGs muito we towylep. waiveoe ,esteal eos sbetectin 


utili«ing electrie enercy. Mout ef the power uliliged in under- 
ground fhstallations ia Likely to be supplied electricully ane 


the heat Liberated fron electric equipment can be computed ty 
the relation: ee | 


2 MW e $412 Bea per hour 
aso dG cede Pex fave 

|) Horsepower © 2546 Btu per bour » 4745 Ke 
ay mien, because the efficiency is lesa than 206 porcent, 
(ft a6 often awpused for estimating purposes that « con 
of qos Kilowatt of electrie enercy Ae neceseary to preduse one 
hopgepewer, at least for amall actore., 5, 

FOr 'S BEfe ment ays eaUN RON thai tonverts the power 
to Heat, sush a9 a lathe, @ grinding machine ete., &11 the 
#6 heat im the surrounding apace 
wagner atves 4.9mm te yymeen, njieenietan et: the hiduty-tenvan 
ae daparted to tae fluid swing pumped; the rate of energy or 
Heas literation in the spcce around the motor and driving gear 
ig equal to the input power tines the decimal equel to ene sinus 
the overall efficiency of the cotter and driving weahaniswa, 
oop «4 the energy from elettria lighta, eitaer incandesaent 
oe Slucreseent, is converted inte heat, Part of thie heat may 
o@ remeved by Special water oF 4iy S601ing eins in somo anus; 
otnersise 1%. formes part of the cooling lead. 
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ast tion 


Personnel liberate heat and water vapor and the rate 
_, depends on. state of activity. _ Some typical data for desig 
purposes are given. in Table 3.2 Ls. 


.,. Table 3.r le sensible, Latent and Total Metabolite 


Heat 4osa Per Person, BTU hr74 


urggee Camper arygs « he {0° * BanBh ig” * reA BB, ay 110 "660 


_ Cooking is. responsible for both sensible and latent loads. 
For. electric cooking, the | total load. is. equivalent to the energy 
_utiliged, but part is latent while the remainder is sensible load. 
In nost instances it may be. possible to vent vapor from kitchens 
and avoid imposing. the latent and some of the sensible load on 
the air conditioning collis. : 
If an apparatus is cooled iy! the fivdysrhhede of water into 
“the surrounding air, the total load is not affected; part of 
the 16ad bécbmés Latent and the vest remains sensible load. 


Fresh er outdoor air introduced for ventilation: (2-06) 
must at times be cooled and dehumidified. The resultant 
lead may be reduced by passage of the air through supply 
shafts or tunnels (l-05). 6° “oes 
3-07. Dehumidifications Bare Chamber)... 

, ) The dehumidification load of @ bare chamber includes. . 
water vapor from equipment and processes, if any, and 
personnel (3-06), dehwiidification of fresh air (2-06),° and 
evaporation from) surrounding damp rock., Bare rock condenses 
water from the surrounding air whenever its surface is below 
the aoe. POLAY s. aad fi conversely, warer evaporation from damp 
ron Ns or ‘from pools, whenever the surface temperature exceeds 
the yey point (4-20). The rock therefore tends to govern the 
humidity in the ‘chenber by holding the dew point at its own 
surfece temperature. — The rock cannot be relied pos indefinitely 
as a ‘dehuniaitying means because its surface warms with time 


when recet ving } heat from the air in the chanber (4-03). 


Water uaa _ ie state either from Leaks due to fissures 
in the rock or from condensation must be drained away by 
trenches, gutters, pipes, ete. Water in the vapor state, from 
per sonnel or processes as well as that due to evaporation from 
damp surfaces, must be removed by ventilation or by dchumidifi- 


eation effected by the air cond ttoning means provided. 


ON E44, 


3-06 Dehumidification; Lined Chamber - 
Use. of vapor barriers (lj\-09) or of thermal insulating 


materials (l-05) in direct contact with rock surrounding under- 
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ground spaces 1s uot generally to be recommended, The 
hydro: tatic pressures that can be generated due to the 
depth of an underground working are greater than can be, 
restrained by ordinary vapor barrier materials or even by 
moderately heavy concrete liners. Assuming that water head 
is at times a8 deep as the overburden, the possible pressure 
is represented by the equation: .. 

ie way MAAS Goa piooe of “an tnner” ARB): 

inp pe P gE PYIOR TETAS PEATE Es, Pe Sth. oc 
 G@ = depth, ft . 


“"“Tysulating materfel applied directly to rock walls or 
to concrete in contact wt th such walls is likely to be wet 
elther by condensation or By ground water or both, with 
resulting damage: to ‘the ingulating material or to its 
fastenings. A vapor barsier “snside the ‘Thaulation does not 
protect it from ground water “end. such a barrier outside the 


material ‘does not peteest 4é ‘trom | condensation. 


oe . From these considerations it appears ‘that, if insulation 
is to be used, an air space is desirable between the. 
insulation and the rock and, if the air space is provided, 
there are some advantages to making its width suififient to 
permit access for purposes of inspection and repair, 
particularly for multi-story installation. ‘his done, the 
liner becomes substantially ean inner structure and can be 
treated as such. | 
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_,.& tonerete liner may be installed.in an underground 
space to improve its appearance or to reduce the changes . 
of Spalling but it should not be considered effective as 
either thermal insulation or 4 vapor barrier. The de- 
humidification load in such a space is subject to the same 
consideration’ a8’ those for a bare chamber. 

3-09 Dehumidirieation; “Inner Structure — 

“Te the walls, ceiling, and floor of an inner structure 
are vapor proof, the water vapor to be removed by the air 
conditioning apparatus ts équal to that liberated by the 
equipment and persénnel (3-06) Within ‘the structure. 
Conditions in the annular. space do not directly affect 
those within the structure. a at . vr 

Tf the walle, ceiling, and floor of the. inner structure 
are eeeeyicus.. the water vapor to be Pemeyed by, the aire-condi- 
tioning apparatus 1s then the algebrate aun of the water vayor 
iLberated Oy personne) .and equipment and thet entering. the 
inner structure through the walls, ceiling, and floor by per- 
meation, or by convection from the annular space, 

.. Sompared to convection, migration of water vapor by 
either capillerity or diffusion through a material may have 
feeble and often neplicible effects in transferring water 
vapor. Leaks exist in most ordinary structures and theréfore 
if a difference in air pressure {8 maintained between the 
inside and outside of an inner structure, the intertor 


humiafty is Likely to be governed ty the resultent air flow. 
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In the absence se an air pressure saat aclu sort cael of 


vapor ‘through @ a barrier such rt a wall or ‘cetling may be 


estimated on the assumption ‘that the ‘flow ‘Ls proportional - 
Abts ares bres i 
$0 the vapor pressure. ‘difference one to the "permeance of the 


barrier ( (09) 


» Phe. surrounding rock.can.be relied. upon as e debumidifying 
(endcooling) meens; so: long as. ite surface remeins. cool... If 
the surface becomes warm, due. to heat received. from the inner 
structure or due to. the passage of warmer. air through the. 
ennuler, space, the rock will cease: to be @ means for main- 
taining & satisfactorily, low humidity. -. 
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3-10 Waste aoa’ Diseesale i 


aa 


During ytretiorho soritioa v tt heat. feo a equipment 
as Diesel, engines, refrigeration, condensers, .6tc,, can, be 
dissipated in water as from @ brook, river, or creek if 
available or into the air, by. means, of air, cooled or . 
evaporative condensers or cooling towers, However, during 
attack or under some post attack conditions (1-05) it may 
Sometines be necessary toutilize heat disposal means built - 


into or in conjunction with the underground installation. 


. An underground reservoir 1s.an obvious and prectical 
heat sink fof use when outside water service is.cut off. 
It) must be adequate in size or capacity to absorb the waste 
heat, from the, equipment: to be operated for the duration of 
the estimated period of isolation. 
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. There are two ways to utilize an undercround reservoir 
(h-Gl).° The water can be passed throuch the equipment: to be 
cooled and wasted outside the installation, or the water can 
beused to absorb heat while remaining in the reservoir. 
Somewhat more heat can be absorbed by a reservoir ofa given 
size when the heat i8 added to the water while it remains in 
the reservoir because the surrounding rock also absorbs heat. 
A possible disadvantage of the method for a reservoir of 
limited size, 1s that the surrounding roék will be left warm 
at the end of a period of isolation and may require too much 
time and water for cooling in preparation for the next attack. 
If a reservoir is large compared to the load imposed upon it, 
the arrangement can serve for a long period of time. 

‘ ‘For estinating purposes, it can be assumed thet, for an 
Internal combustion engine, about 30 pereent of the heat 
value of the fuel. burned appears in the jacket eneling water. 
For an air aendi tioning refrigerating machine, the condenser 
and jacket cooling water receive about five times the heat 


@quivalent of the electric energy that drives the compressor. 


The heat a ianeeetne capacity of a reservoir with wastage 
of water outaide after use is given ta equation heO7, The 
heat sericea capacity of an uncer Ercunt. reservoir a8 a 
function of time, if the waten is recirculated and retained, 


is given by seissihtoais h05.— 
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3-11, Aiv Gonditioning Effect of Tunnels or Shafts” 

.», She initial or undisturbed temperature in a tunnel © 
ov shaft with .an overburden or 50 feet or more is likely 
to be ator near ths mean annual temperature which is in 
the range 50 to 55 F in many vegions. ‘This is usually 
above the winter outside design temperature and below the 
summer outside design temperature and dew point for such 
regions. .A tunnel or shaft is therefore a possible means 
for tempering the aic.in winter or of partially conditioning 
it in summer... For a long tunnel, @nd: a emall flow, the air 
passed through a.tunnel assumes nearly the sarth temperature, 
say 55 Fe Also, such a tunnel; can dehumidify outdoor air in . 
Summer, and humidify it inm.winter if ground: water is present. 
A large wet. tunnel with a small air flow can therefore © 
condition alr to approximately 65 F saturated at all seasons. 
Air at this condition, warmed to 75 F, assumes a relative 
humidity of 50: percent. — 


. A ‘tunnel in continuous | use for transporting outdeor air 
oxtracts heat frex the air in summer and Amparts | an approxi- 
mately equal amount of heat to the air in winter. “The outdoor 
temperature, plotted against time ‘the oughout a year dexcribes 

an approximate cosine curve and the air leaving the tunnel 
describes a similar curve but with | a smaller amplitude, The 
amplitude of the r¢ pe temperature ‘variation at the exit bea 
of the tunnel “indicates ‘the heating and. "ool! neg effects of 
- the “tinnel. For a long tunnel and small air flow this 
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amplitude will be amal Ls as di squssed above. For any 
specific tunnel there is a limit to the cooling and heating 
ehpacity, depending on the dimensions, the nature of the 
surrounding rock, eto. ' fhe mathematical relations governing 
hehehe) aceisend Ingo’ Ch euveldevedpios, tunsein ore given by 
equation h-10, (l05)..» Remarks about, tunnels in. this section 
apply substantially also to shafts or other openings of equal 
dimensions, — pPenes 
3-12 Evaporation from Pools or Damp Surfaces 

Ground water can have several effects that influence 
‘Structure and evuiyment design, including the followings 
It can exert pressure on-eny -vapor barvier or liner installed 
to prevent its ingress into underground spaces as shown by 
equation 3+03.. It can affect the conductivity and heat 
supasity: of porous or hynvascgpis rock: (l-08)....To evaporate 


‘water fromsdamp surfaces,or open pools, requires heat (yst0) 
and can add to the heating: load.. Water. evaporating absorbs 
thé same latent heat as it gives up ,when it condenses. 
Therefore in some cases the effect of evaporation as from 
“demp surfaces: in @ space being, covled.is. not, to change the 
total air conditioning load but is to convert part of the 
‘load from the sensixle to the Latent type... If a machine 

oF apparatus i# cooled by the evaporation of water and if 
the resulting vapor ie vented outside without reaching the 
‘cooling coils, the heat conveyed ia not added to the cooling 
load. 
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Chapter | 
see 600 Heaw RasonPrION OF ROCK AROUND UNDERGROUND “SPACES 
ynO1, Principles 

ooge he geological formation sround an underground instal~- 
lation 1s termed rock in this chapter. Usually, at re" 
quired depths, locations will be chosen where the space 
will be surrounded by rock, rather than clay, sand or 
another material, in consideration ef strength and stability 
requirements, . 

o» _ The temperature in an occupied underground space is ~ 
usually maintained abeve thet of the surrounding rock and 
consequently heat flows from the. space to the rock. In: 
the absence.of internal.load, the heat supplied to the: 
Space must equal that absorbed. by the rock, when the. in- 
ternal load, such as the heat from lights, motors or other 
equipment and personnel, exceeds the heat. ebsorbed by the 
rock, the difference must be removed by some cooling means 
such a8 an air conditioning apparatus. 

9. The rock Surrounding.a continuously warmed Space it- 
Self becomes warm with time, its .surface tenperature 
increases and its heat absorption rate decreases,  Con~ 
sideration of these effects is obviously essential in the 
computation of heating or air conditionins loads but un- 
fortunately heat flow of this transient type 1s not subject 
to Simple analysis. The pertinent differential equations © 
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‘ave too complex for ‘every-day use and for this reason an 
“approximate mothod has been evolved and checked ageinst | 
‘experimental results obtained in several underground 


spaces. 
& BE 30 q ey ok rE 


The recomended method for ‘estinating Heat ‘absorption 


b Rian BO Sk PC Res Ba 


get surrounding rock is based on “consideration of an assumed 
a. 27 ARR ee 


underground apace, ‘either Spherical or “eylinavical ‘in ‘shape, 


“with, thermal Shares Gert etic 8 Similar to those of a eheanher 


ia (Capote the 


Pind be utilized. The heat flow ‘equations pertaining ‘to spheres 


ie sho Ge gS ee aga 5 


or oylinders: are "simpler then those ‘for other shapes. ‘the 


Ss 


date presented © Por use “with the equestions in this manual 


(4-03) “are based on m numerical riers gy of the equations 
Bo cylinders and spheres “obtained 1 by: “ans of a large 
electronic cd gg available at the ‘National Bureau. of 
Pt an 


se # 


a i Usually, a new underground ‘Epace mie be warned te " 
_ Some ‘scceptatle a wa in petancesesl ct A for’ ‘Secupanc ys. 
Heat may be supplied to the Space for this purpose at a 
_Pelatively large, constant rate. If the “ desired ‘temperature 
! and permissible warm-up tine are ) specified, the required heat 
supe 2 rate can ve gonputed by 2 means of Item 6 under pro- 


cedure i eOR) 4 


% 


is thie 


After the warmup, ‘presumably 6 a | constant tenperature 
mal ¢ i 


will be “desired in ‘the space, at or near 78°, The ‘heating 
Ge a 


e. A 


or air sonditionihg dyaten ‘ts. then expected ‘to ‘operate on 


thermostat. The surrounding rock absorbs heat at a rate 
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that decreases wi th time and the Sbrorptien rate at any 
instent | can be computed by means oF Ttens is and 5 under proe- 


cedure (002) i 


h-02 » 


The precedure recommended for estimating heat trans- 


ocedure for Estimating Heat Transfer, Air to hock 


fer: from: ani underground: space to surrounding rock is as 
follows: 
she oGompute the internal surface area of the. space. 
Projected areas can be. used; irreculerities left in walls, 
ceilings, and floors after blasting can be ipnored. ~Equa~ 
tion +01 is applicable. 
laer@s. Obtain the value of V,/V for the cylinder by 
means of Figure <1 and of vam for the sphere by means of 
Pi g<ureshaZyeor2tiGa obtains e Bue oyslades 
asf Be “If Vy exceeds VoWV,°atilize the cylinder as the 
best approximation to the space considered; if val exceeds 
V/V; utilize the sphere. aes 
he \Gompute the radius of a cylinder of the same in- 
ternal area using Equation «02 and compute the radius of 
a sphere of the same internal area by means of Equation 
-03. 
Se Determine the initial temperature of the rock, 
thermal conductivity, density, specific heat, and overall 


coefficient of heat transfer, These may be found from 
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geologic data, testing of samples, or estimated from infor- 
mation given in section -06, l-07, and 4-06. . 

6. For a piven warm-up time (h=-03), determine the 
required heat input by means of Equation h-0l, Utilize 
Pigure he} for the cylindrical case. or hel for the 
spherical:case in conjunction with this equation. Data 
Form C 18 suggested as a work sheet (1-07). 

7. Compute, the rock heat absorption for the constant 
air temperature,’ or thermostated condition (l-03), by 
means of Equation. =05. Equation h-05 will yield the heat 
absorption for the cylinder or for the sphere, whichever 
was sélected for»an approximation to the space being con= 
sidered. © 

°°B.°. Adjust the results obtalned under Item 7; divide 
the heat absorption obtained for the cylinder by the ratio 
Vx/V or divide the results obtained for the sphere ‘by the 
ratio V5/V. This willcyteld an ‘approximation to the heat 
absorption for the PRS Scaundler consideration that can be 
used in heating and air fetal apt load SeVAMAGES, Data 


Form D is sugcested as & work sheet ; (1-07) « . 
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4-03 Equations for Heat Transfer, Air to Kook 
Equations applicable to the procedure for computing 
heat absorption by rock are as follows: — 
Area of an Underground Chamber, either square or 
rectangular. SS  ROGH Rens 
Aw 2 (m # ms #*pay®: °°! @y, For the evi {yder) 
A = wall, ceiling and floor area, °ft®™: 


if 


ber} 
n= width, ft 
® = ceiling height, Tt °° 


length, £t Pee TS, ae 


If the space 1s not a parallelepiped, that 18 if the. 
ceiling is arched or if either major irregularities in shape 
exist, the area, A, should be pra nit: accordingly by some 
appropriate metnod” | - bs 
Radius of a cylinder with thermal characteristics approxi- 
mately similar to those of the ‘space Considered: 

wa “sh nS tg Bs ae be on onhy=02) 


Madius of a pam with thermal characteristics | epproxt= 
umately. Similar to those of _the Space considered: 

 /, ) | (03) 
Rock heat pe steady heat inva eh gl warm 
the rock surrounding a Space, An a /Apegtttec times 


Ok = f (F) “(ye0h) 
q'a 
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_ Og = Temperature rise of rock surface, ~ 
above initial temperature, deg. F 
K = Thermal conductivity, of.rock, 4 
, Btu Bevmlren)... re bin seer 
q'= . Rock heat, ee vate, Btu eee ey 
& = Radius, ft; 8), for the cylinder; a2 for 
_ whe sphere; Selected for the appresi-. 
_ mation, from Equation l=-02 er 1-03 
F .= Kt/pea*;. Fy, cylinder; F,, sphere 
t = Time permitted for wameup period, jrs,.. 
p = Density. of.rock. surrounding the space, 
sdtdtetare end the texpera: 
ec = Specific, heat of the rock,. Stu 1b -lp-l 
To utilize Equation, }-0l, first compute, the velue of at 
F, then determine the value of 0,K/q'a, from, Figure. |.-03 for. 
the cylinder or Figure. jel for the. sphere, From the value 
of @,K/q'a thus estimated, determine the heat absorption 
of the rock q!, in Btu per. hour and per. square foot... It.. 
will be noted that the heat absorption rate, determined. with 
Equation h-0h depends on rock surface temperature rise, Os. 
Rock Heat Absorption; Constant.Air Temperature (Thermostated 
Condition) { om Vase Bos e ovilnder or Va the 
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q 2 Rook heat absorption rate, , Btu br aLee2, 
The value of @5/04 in Equation | -05 is 
given by Equation he06, and is a function 
of FP which guvgives the time, . t, for whi ch 
the: thermostated condition has make con= 
Sinued. -| Tt will, be ‘Seen, that the rock 

heat absorption, rate q. decreases as time t 
Teagheen, Sede Form D (1-07). 
yte Overall Ayorece coerficient of heat trans- 
fer, Btu nevlrt-2, for each degree tempersa- 
ture Git ferences between | the rock surface 
: a tenperature and. the temperature. of the 
oe er, dain the heated or. air eonai tioned 
space. For an ‘internal structure, the 
eee om ae: air temperature is that inside 
the structure. (408) 
5° @y = Temperature “difference; “air temperature to 
‘he | }@ mMeintathed In the air Gonditioned space 
0° “minus initial rock temperature, dec F- 
°h Og = Temperature rise of rock surface, above 
initial rock temperature, deg. F. 
R = V/V for the cylinder or Vo/V for the 
Sphere. Values are taken from the charts, 


Figures lel and h-2. These values are 


“ae “tf oh __ bia sa iti 


edd 0% ae lt 79 webiinizo ant 01 
e8daBdo eit mott cexed ove “HéUiav ity 


ota Bevlav eBed? Sui) dae fail aowy ts o. 


oo ‘ 


{ ; Abr ees 
i ; Tou Cree Po is 
ot ee ao 4 ra 


Weta ety Mie 08 
ee a ee hoe 


ate saatoibe | Pee) 2 ny tne, oe 


abi niggeon tinine 


ae 


- eke - 
~ 


eee 


used slso for_ choosing between the _= 
~ eylindrical and spherical ‘approximate 
eaten ae stated in item 2 under 


=procedure 


Tea Esser peer, m| 
A a ey eos | = Seens 


anaes of t Safes * sre ‘aise fre the: ‘charts, Pigur ure hes 


5 SEES EEA SA eS ae 


bite hesis on this 


cue 
inf -—~ e Ly 
2 © ws 

fis 


— ais 


as ‘defined for Wgiettie 


tan 
aaa. SH “fk Saat soy 


room is the mews Shane 


edd aeewsed arisooro bei onte boew bia: rae eee 
| etemixonyqs: feotvedge baa tnetes | lh as 
tebrr f edt mt bedeie ee sauton , Ee Sas a ty 


Nee ie iia 


Val sexy ts ateehls one wort f 


ete no. —— eae 10% shee Ot LG +0 sebuttye edt sot a 


Rtas ie Bee 
“aot besugmos ed teum Wf cd taaaup vt 
Oo bededeomedy: add wobau’ ext outa factetat ae 0% 


weivotiisq cha mont Foo% omaupe 4eq eeol teed ocig 2 


not tb x toe 
Ot nvoda of aes Pato ete 4“ a ~ iMep Sfsupe emi? ane od moon 


dah aey teh ie bee ay 


ofp a # fi [ot 
efdal mort nesisd Bt gl ates akteugl y 


OT bee T bop eOmtouatde. fenvesns odd sol 2 (ous) tal Be ae 
ae f 
ents moxt ¢80l dred Isted oat -20~f actianph «or bontieb 8 Sa 


es ar 
bse aqitles .aLtaw edt mat aeenos edt Le ame oct yak moon ae 


= 
N 
E 


HL 


GIM OL HLONST ‘OILVY 
Ol OS 


Hi} {}| 


HEEERE EEEEEEEE EEE HEFEEEEEEEEH | H 
PoPeee PTET PPPEE oS TTT PecEEEEEEE Tap TEE 
an + CECECECE CEE Ae 
a ET ween | HH Ht | a 
| Cree Cece 
PEEPERE STEERS LECEEEELEEEC ea ia r 
i SETTER WAP 
| ———o1=$ ‘LHOIAH tA 
in SFLEEEEEEEEEEEEE EE CECE 5 
| YS3ONIIAD 3HL YOS | > Hh + tte -EEECE 
| GO-b NOILWNOR ET TOT / 
¥ JO SAN IVA H1StEH0E i I Cee 28 
CCELEEE HEE | 1 cit Ht i 
I-v “Id EE siitaanananes 
IEHEEHtEE Scceene HTT PLETEFEE t y re 
THTEEEECEEEEEEEE HTP HEEET CECE CEE aM TET | gt 
CoePEeeE REE PCCCEEEE ECE THAR IMIGINDDY <i 
HA CCU eer i} it TH an 
Ce eS eT eal ae 
a eieeeze (ates esenay eee cl sauuie 
bebe EEE Caer ae PEELEEEEEE 
ANA sooo aU ftgeeeememe (il oe 
it | S —| ome + — niilit L 4 
- 1 1 ‘ 1 n ’ 


£0 


vO 


sO 


8°0 


60 


u/W= HLGIM OL HLON3ST ‘OILV 
oO! os 02 Ol O°S 


TPT COONAN 


ll —=— — 0722S na . q TTT 
O1=S “LH9I3H i i RHI HLA CePA EEE EEE 
|| auands 3H. yoa— [{T iff i TERE REET FEE 
‘| so-b Nolwwnoa ime Ha 

y 40 S3NTWA 


= 


+ 2-b “Old 


T 

H 

=c 

= 

HH 

| 
A/*A =u 


ATE eh Ha 
mu THT HAC 


‘= 
r= 
‘= 


2 


+ 


EQUATION 4-04, CYLINDRICAL CASE 
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h-0l; Heat Absorption of Underground Reservoirs 
- An uncergrennd reservoir of water may be provided as 
a sink for the waste heat from engines, air eondt tioning 
eguipment or other Apparatus for use during energencics 
(1+5) when outside services are out off (3-20), Spaces 
prepared for this purEees. are Lely ko be Long and tunnel~ 
like for reasons of economy in excavation and to provide 
necessary rock surface ares. Therefore, in the capacity 
calcul ations the tunnel shape is assumed and the cylindri- 
cal approximation is amployede See | 
if the water is used, te absorb. heat ‘trom engine geckete 
or refrigeration condensers, stc,, and is, then wasted oute 
side the inatellation,, AMS, boat absorbing capacity can be 
computed by the equaliféd; 
Q, =H (typ) & Oylinder compl ¢Reg7z) 5 
Q,, = Héat “absorbing capacity of the water, Btu 
‘M = Mass of water in’ the #eservoir, Ibs 
T,, = Temperature; water discharged from engine 
 ‘Sgcket Or condenser, etc. F 
“‘T, = Temperature} watéY available from reservoir; 
Spat | | 
If the water is recirculated from the reservoir to the 
engine Jackets or tondetise® and back to tie #eservoir the 
heat-absorbing capacity 1s increased by the heat~absorbing 
capacity of the surrounding rock and the total capacity ean 


be computed by means of the ejiation: © 
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where | | as = = Texporature : wise of water shove tne 


p= eee : initial water temperature, deg PO 
Bae: ay = Constant heat transfer rate ‘to. ‘the water 
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EF ph = = Density of water, lbs. re See 
| Tf | os Specific 1 heat of rock, ‘ota ao 
5 ( 5} Fe f 


THT = < Specific heat “or water, pt ‘pot eect 
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Eas ea” = = Length of Feservoi ei DWN 4-08 


Buavion 4-08 is plotted in Pidire ay aie Form & | is sug- 
gested Bs a work sheet for. its use. ‘This equation yields the - 


heat absorption per foot of length, q,, fora tunnel _ of. radius, 
a, for a specified water tempenaiure rise 60, in a specified 
time, be 
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EQUATION 4 
RESERVOIR HEAT ABSORPTION 


AT CONSTANT HEAT RATE 
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oo Fresh or, outside air needed. for ventilation is often 
intredueed to installations through. shafts or tunnels with 
bare walls so that the air flows in contact with the sure 
rounding, neek,” For & tunnel in continuous use, heat is al - 
ternately, transferred from the air to the rock in summer 
and from the reck to,the air in.winter. Savings are pos- 
sible under both conditions since the air 1s warmed) in) 
winter, thus reducing, the heating load, and cooled in 
Summer, thus reducing the cooling load (3-11). The tem- 
perature of the air at the exit, like that at the entrance, 
oscillates above and below. the mean annual temperature: but 
the, amplitude.of the temperature change 18 smaller at the 
exits. . Jaetts Ty Ott . | 

This ebebiew is subject to pennies deyivergs treatment if 
ft ts assumed ‘that the outside air temperature varies 
seasonally heéording tS" the: equation. i? oe 

rr e oo = 0! cos ee ee (h-09) 


2 oF = Outside air iaparatube minus mean annual 


temperature, deg Ff, maximum or minimum. 
Ww.» Angular velocity, 27rradians per year 
= 0.000717 radian hr 
t = Time, hours (%-= o when 0, = eo") 
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Hased on ‘tals ‘asiumption, equailons ylelaing results 
relevant to ‘air condi tioning are as follows: een | 
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4-06 Thermel’ Properties of Roek 
SUe °* Rockyheat: absorption somputations depend on the thermal 
properties of the rcekeand ito1s unfortunate’ that the available 
data are: incomplete and, in some degree, discordant. For esti- 
gating purpesda “tLe recomended that a specific Heat of 0.2 
Btuclt74p-l be assumed for any rock and for use in the equations 
in this*chapter ‘although rodk specific heats as low as 0.16 
Btu 1ptl pel nave béen weported. . 
oo “For areenstone, present inthe mountains or Vircinia, 
tests and experience show a thermal ‘conductivity of about ~ 
oS Bow be“ bee"“(r/re)cth; witli @ density of 186 Tbe re", 
These figures have been used in demonstration problems ‘fn 
connection with ‘this work and are reperdéd a® food assump- — 
tiona at least for preliminary estimates in’many cases. - 
When precision is required, however, moré precise values 
gan be obtained either by testing some specimens for con- 
ductivity or! by ‘the use of figure l-1l in conjunction with 
a petYographi@) analysis of some specimens, Facilities for 
making these tests or analyses are maintained in several 
laboratories in this country. : | 

Por dgneous and metamorphit rocks the density renerally 
falisin the range from 150 to 190) 1be Pt"3,. and that? of the 
sedimentary rovks in the renge from 100 to 175 lbs frt*3.- 
For igneous and metanorphic rocks, the thermal conductivity 
fall ine range from 1.2 to 2.0 Btu hrwlrene( Pr /et) hy” 
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Granites are found to be in the range 20-0 percent quartz, 


50-73 percent feldspar and S-12 percent mafic, The factors 
which determine the thermal conductivity of sedimentary 
rocks are numerous} composition, porositys temperature , 
grain size and shapes and fluid content all have to be 
considered. — | : | 

h-07 Initial Underground Condi tions . 

At depths of 50 to "70. ‘fest, he (emperature of earth 
or reck can be expected to approxinate ‘the mean annual | ten- 
pereture for a region: an whe. absence of disturbing factors 
such as underground. fires. or large. subterranean strearis. 


At arene depths, the. Langeranyte | is. found to be hicher, 


oe 


temperatures: sehus deternitned are fogargea as adequate for 
air conditioning entinates ‘for unde*ground. spaces al thouge 
a check of the fig gures ts. destratie during the survey of 


any proposed bts. ey <f 

the earth's surteoe 0 warmed, ohterly by solar radfetion 
and 1t is cooled by wind, rain oy snow and by radiation to 
the sky, particularly at night. There ig therefore an approxi- 
mately regular diurmal eycle in the surface temperature but | 
14ts effect disappears, practically speaking, at 4 depth ot 
a foot ox so in the earth. The annual surface temperature 
variation is greater and ite effects may be significant to 
depths of 15 or more feet for sone purpesel. Some méeasure- 


ments were made at various depths down to 13 feet near 
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Values of U and of Ut for some materials and structures 
are given , ia. table del for Aliustration and possible use Ain 
heat transfer mabimaners The fact that way thauiar materials 
and constructions: are, mentioned ‘in the table is not a recoin 
mendation that. these materials er constructions should be. ; 
used. The desiening engineer may. RelLect other naterials 
in which ase. suitable values for the Soeifici ents should _ 
be otherwise determined, tie 3% asthe Bee Bs | 

, Fora rock surface | such BB , that left after blasting, é; 
the surface: air film, heat. transfer goefiicient averaged a 
b= a i" Btu neelee=2pnl An. Sone. tests in an underground . 
chenber with only naturel air. notion. This. figure is vased - 
on prosqeted wall area, ignoring de -eegulart ties left, after | 
blasting. — For. the surlae conductances of interior structures, 
a Value. of te. = fy = 65. ts Fegonmended | for present purposes, 
with Wiehs Welues, hen’ transfer goefficients ‘of walls, ceil- 
ings and floors of ‘4dnterior structuras ¢an be: ‘computed by. 


means of the following equations: 
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PARLE <1” 
‘Heat Transfer Coefficients far Undercround Structures 


Material or Structure. er anes ; gg ara 
Bie Veer HivPibe?”"*o* 88S, WEL, OGLLINg Gr Zisor con= 4 hg 


Studs with 3/6" cypsum board on one side ~~ “6.67 © 0159 
Studs with 3/8" "cypsum board on both sides = ° 0.37 0.35 
Studs with 1/2" insulating board on one side 0636 = 03; 
Studs with 1/2" insulating board’on beth sides” °°0519°° 0.18 
Brick, one Gourse’- §" thick no fintsh ~~ °°" “060° ~ Osh 
oiapasdieondiieadaill i thick 3/8" ‘eypaum ba, ~~ “OLS 0.47 
Brick, one course = ly)" thidk 1/2") SeRERETE “bd 0592+" “6230 
Brick, “two course’ 6"— “‘eHteeS Hb "ria e485 25 OR pee SA G3g 


Concrete, 6" thick, no finish’ wicicmmaecs:: 5. 0.54 0.h9 
Concrete construction floors, iat no” viel Wopnmeneen ea 
po flooring... “ j 0.68. 0.60 
Pale te gonsteuction floors, 3") oa aur ines a ad 
HOUR PsGr* Bee berg? tees SRE mettiod 65 Gagge ong, 77 
Metal roof ere ‘ania and pil vested rigs 42 
board... coon0e33 .0032 


Wood roof roofing. and 1 1/e" ingulating by, — O25 


U, = heat*transfer coefficient, based on temperature ditfer- 
ence between air in conditioned space and air outside, 
‘in the annular space, with zero wind, ~ 


U' = heat transfer coefficient, Btu per hour for each square 
foot of rock surface area and for each degree F differ- 
“ence tn temperature between rock surface and aftr in 
conditioned spaces. 
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ys09 ‘Vapor Permeability of Matertals - 

O "°-. vapor Barider material may sometimes ve incl uded in 
the walls, ceiling or floor of an interrial structure to re- 
duce the latent afr conditioning load or to préelude harn- 
ful condensation inside the wall, ceiling or floor con- 
struction. the anger of condensation din, perts of. an under- 
tha ial de is not considered great partieplarty if 
the space is ‘continuously air conditioned. pecause. the. , 
temperature differences or gradients. are not severe compared 
te these that occur in surface buildings. Data are lecking 
Wut it appears that condensation might occur in a con- 
struction such as a double-faced wall containing insulation. 
A epee barrier might therefore be installed in or near the 
outer surface ad precautionary MOASUNG> _ ek 

rae A method. for predicting vapor hte and peeeeeare pes 
ara ast} presented in "Moisture Condensation in Building 
Walls" (rer. 47) with some data on the permeabilities of 
some. hia ota ised in baildings. ‘The method is based-on 
the theory that water Vapor transfer through a material is 
proportional: to vapor arenes dieeneaens between the two 
Sides and that resistances are additive as they are for 
heat flow. “It ds known that this is only an approximation 
but it may be close enough for practical estifating pur- ~ 
poses.’ Another uncertainty in this field concerns the 
vapor permeance of materials which differs considerably 
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between specimens of the same material. However, the data 
in Table Yn were selected to show the range of the per- 
meances, of Some. materials used in vuiidings as observed by 


Babbitt (a) and Teesdale (>), reported in Reference 17. 


TABLE 2: 
“Permeance of Some Materials to Water Vapor 


ok Ma Rone aA! 


o Thiskness. © .°Permeance’ © (Resistance 
‘Materiel _ Inches | P — (L/P) 
Wood = - spruce merry Os 563. | oa 3.48 : 06287 
Wood = pine (0). 006bS on evga BeBe. oes bao 
Paper, cot a ree 
zs spit’ POLS (a) 0.004" 168,00" 00k 
Aaphalt’ felt, 
Rl AR MN cla pcs diner on ; 
“gurface = ©" °° (a)0.032.° OZ ZESO COS CoCo OTH 
Siphad chbeaeha 284s Figure G6L5 fe a meee er est 
‘ pe ePers. 50 Lb ae ak a) Cg ee. 120) + 0962 
Plasterboard, | ) 
“between heavy — ot a ‘ete Gf 
Sheets of peper. te) 0437. dim ice vod OEM : 2 OL 


Unit of permeance, P = 1 grain Juttnalccingeai ( Permeance 
in perms = 0.49 P} | 


a0 Under ground. Kater pda | 

zn, danp regions, or seasons water may enter an underground 
chanber in either of two Ways. It may soak through pervious 
rock and appear, as dampness on the surface, perhaps with 


streams running or dripping downward, or it may leak in 
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through feults or fissures, At the greater depths, entrance 

of ‘water through fissures, rather than through pervious rock, 

ie usisl Bécaise @°site in hava poekLS Likely to be chosen, 

4f possible, for structural strength, Such rock ts Lfkely 

to be impervious or nearly 80. Because the possible hydro-~ 

Static préssures are high (3-08) 1+ is customary to drain 

off excess water rather than attempt to stop the leaks or” 

to treat the rock surface and make it impervious, 

*" Byaporation from rock surfaces may have sipntficant 

effect of the humidity in bare chambers, When such a 

chamber 18 first warmed, the rock car act as a dehumidifier 

arid tend “to Hold the dewpoint at the surface temperature. 

In the course of time, the rock surface temperature itn- 

Greases and water evaporating from the surface becomes part 

6f the latent load. Figure li<13 18 a meari8 of estimating 

thé evaporation from wet or damp surfaces, based on data in” 

reference 16, The curve ¢ives the averafe rete of ‘evaporation, 

ML, in lp hrelyt=2 for a wet surface L ft long in the direction 

of air flow parallel to the surface for a velocity of VY ft 

min@2 and for a vapor pressure differente (Ps-Pa) psi, where 

Peis the vapor pressure of water at the temperaturé of the” 

wet ‘surface, “and Pa isthe vapor pressure of the moving air. 
Rétimates of evaporation from rock are dffficult because 

the area of the wet aurfece cannot be predicted with certainty 

for “amy proposéd underground chamber. In thé tnstallation so 

far examined in the eastern United States the wet area did not 
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exceed 10 percent of the total, In the arid regions of the 
west, dampness on the walls would be rare. a 
»» Foran internal, structure, eveporation from the rock 
may not be imiorteant since the ingress of vapor to the 
conditioned space can be limited by vapor berriers if neces- 
Sary; also, if the annular space is used as an exhaust plenun, 
most of the vapor due to evaporation is carriéd out by the 
leaving alr. However, materials,or equipment such aa pipes, 
duets, wiring, or timber enclosed in the annular space or in 
contact with the rock should be capable of withstanding 
humidities of 100 percert since parts of this space may 
contain saturated air at times. 

If a structure is so arranged hit the reck remains 
cool, at say SSF, while the interior structure is held at 
some higher temperature, aay 7SF and 50 percent humidity, 
the rock can serve as a condenser and assist in dehumidifyine 
the structure. In this case the vapor barrier is not needed. 
This effect cen be useful during emergency periods with 
arrangements suitably designed to employ it. In this case 
either dampness or free water in the annular space, being 
drained away, has no objectionable effects since evaporation 
does not occur from the surface, 

Metals and metal foils are practically perfect vapor 
barriers except for possible leaks at joints. If leaks exist 


in any vapor barriers the sesulting vapor transfer by convection 
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THE NATIONAL BUREAU OF STANDARDS 


Functions and Activities 


The functions of the National Bureau of Standards are set forth in the Act of Congress, March 
3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and 
maintenance of the national standards of measurement and the provision of means and methods 
for making measurements consistent with these standards; the determination of physical constants 
and properties of materials; the development of methods and instruments for testing materials, 
devices, and structures; advisory services to Government Agencies on scientific and technical 
problems; invention and development of devices to serve special needs of the Government; and the 
development of standard practices, codes, and specifications. The work includes basic and applied 
research, development, engineering, instrumentation, testing, evaluation, calibration services, and 
various consultation and information services. A major portion of the Bureau’s work is performed 
for other Government Agencies, particularly the Department of Defense and the Atomic Energy 
Commission. The scope of activities is suggested by the listing of divisions and sections on the 


inside of the front cover. 
Reports and Publications 


The results of the Bureau’s work take the form of either actual equipment and devices or 
published papers and reports. Reports are issued to the sponsoring agency of a particular project 
or program. Published papers appear either in the Bureau’s own series of publications or in the 
journals of professional and scientific societies. The Bureau itself publishes three monthly peri- 
odicals, available from the Government Printing Office: The Journal of Research, which presents 
complete papers reporting technical investigations; the Technical News Bulletin, which presents 
summary and preliminary reports on work in progress; and Basic Radio Propagation Predictions, 
which provides data for determining the best frequencies to use for radio communications throughout 
the world. There are also five series of nonperiodical publications: The Applied Mathematics 
Series, Circulars, Handbooks, Building Materials and Structures Reports, and Miscellaneous 
Publications. 

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of 
the National Bureau of Standards ($1.25) and its Supplement ($0.75), available from the Superin- 
tendent of Documents, Government Printing Office. Inquiries regarding the Bureau’s reports and 
publications should be addressed to the Office of Scientific Publications, National Bureau of 
Standards, Washington 25, D. C. 


